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ABSTRACT 
The e l e c t r i c  f i e l d  a n d  t h e  m a g n e t i c  f l u x  c h a n g e s  c a u s e d  by a g r o u n d  
f l a s h  w i t h  m u l t i p l e  c h a n n e l s  a r e  m e a s u r e d  n e a r  t h e  e l e c t r i c  p o w e r  
t r a n s m i s s i o n  l i n e s  d u r i n g  w i n t e r  t h u n d e r s t o r m s .  T r i g g e r e d  l i g h t n i n g  
s t r o k e s  and  t h e  f o l l o w i n g  a s s o c i a t e d  s t r o k e s  t o  t h e  t r a n s m i s s i o n  l i n e  
t o w e r s  p r o d u c e  c h a r a c t e r i s t i c  waveforms of  t h e  f i e l d  c h a n g e s .  A f e w  
examples of t h e  waveforms and a b r i e f  d i s c u s s i o n  a re  given.  
I NTRODU C T I 0 N 
I n  w i n t e r  t h u n d e r s t o r m s ,  l i g h t n i n g  i s  o f t e n  i n i t i a t e d  upward a l m o s t  
s i m u l t a n e o u l y  f r o m  s e v e r a l  t r a n s m i s s i o n  l i n e  t o w e r s  w h i c h  a r e  
d i s t r i b u t e d  a l o n g  t h e  m a n t a i n  r i d g e .  This  t y p e  of l i g h t n i n g  i s  c a l l e d  
as ' c o n c u r r e n t  f l a s h e s ' ,  la ground f lash w i t h  m u l t i p l e  c h a n n e l s ' ,  o r  ' a  
g r o u n d  f l a s h  w i t h  m u l t i p l e  s t r i k i n g  p o i n t s ' .  He rea f t e r ,  ' c o n c u r r e n t  
f l a s h e s '  i s  u s e d  i n  t h i s  p a p e r .  T a k a g i  e t  a l .  [ ? I  d e f i n e d  a s t r o k e  t o  
t h e  ground which occured w i t h i n  one second a f t e r  t h e  f i r s t  r e t u r n  s t r o k e  
as a n  a s s o c i a t e d  s t r o k e  i n  c o n c u r r e n t  f l a s h e s .  They summar ized  t h e  
o c c u r r e n c e  c h a r a c t e r i s t i c s  o f  t h e  c o n c u r r e n t  f l a s h e s .  The o c c u r r e n c e  
ra te  i s  5 5  X o f  t h e  g r o u n d  f l a s h e s ,  t h e  a v e r a g e  number o f  s t r i k i n g  
p o i n t s  i s  5 . 1 ,  t h e  h o r i z o n t a l  d i s t a n c e  b e t w e e n  s t r i k i n g  p o i n t s  i s  
1.3 km, a n d  t h e  a v e r a g e  t i m e  i n t e r v a l s  b e t w e e n  s t r o k e s  i s  6.7 m s  f o r  
win ter  l i g h t n i n g .  The l a r g e s t  numbers of t h e  s t r i k i n g  p o i n t s  a r e  4 i n  
summer a n d  1 7  i n  w i n t e r .  Hara e t  a l .  ( 2 1  a l s o  r e p o r t e d  t h a t  t h e  
o c c u r r e n c e  r a t e  of  t h e  c o n c u r r e n t  f l a s h e s  was 43.3 % a n d  t h e  m a x i m u m  
d i s t a n c e  between s t r i k i n g  p o i n t s  was 4.7 km i n  w i n t e r .  
The c o n c u r r e n t  g r o u n d  f l a s h e s  may b r i n g  m u l t i - c o n d u c t o r  a n d  d o u b l c -  
c i r c u i t  t r i p o u t s  of  t h e  e l e c t r i c  power t r a n s m i s s i o n  l i n e  which  o f t e n  
o c c u r  when w i n t e r  t h u n d e r s t o r m s  p a s s  o v e r  t h e  t r a n s m i s s i o n  lines. 
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Kawamata e t  a l .  [ 3 ]  d i s c u s s e d  t h e  g e n e r a t i o n  mechanism of  t r i g g e r e d  
l i g h t n i n g  w i t h  m u l t i p l e  s t r i k i n g  p o i n t s .  A p r e c e e d e d  c l o u d  f l a s h  
t r i g g e r s  the f i r s t  ground f l a s h ,  and t h e  e l e c t r i c  f i e l d  change caused by 
t h e  f i r s t  ground f l a s h  i s  p o s s i b l e  t o  t r i g g e r  t h e  f o l l o w i n g  ground 
f l a s h e s  which s t r i k e  t o  o the r  t ransmission l i n e  towers.  
changes  caused by l i g h t n i n g  and a l s o  r e c o r d e d  l i g h t n i n g  c h a n n e l s  w i t h  
video cameras dur ing  win ter  thunderstorms. I n  t h i s  paper ,  w e  p re sen t  a 
f e w  examples of the  e l e c t r i c  f i e l d  changes due t o  t h e  concurren t  ground 
f l a s h e s  and g ive  a b r i e f  d i scuss ion  on the  c h a r a c t e r i s t i c s  of t h e  f i e l d  
changes. 
we made o b s e r v a t i o n s  of  t h e  e l e c t r i c  f i e l d  and  t h e  magne t i c  f l u x  
OBSERVATIONS 
We used a f a s t  a n t e n n a  sys tem and  a s i n g l e - t u r n  l o o p  a n t e n n a  sys t em 
f o r  t h e  d e t e c t i o n s  of  t h e  e l e c t r i c  f i e l d  and t h e  m a g n e t i c  f l u x  changes  
caused  by l i g h t n i n g .  The bandwidths  of t h e  s y s t e m s  a re  b o t h  r anged  
r o u g h l y  from 2 0 0  Hz t o  2 MHz. We s e t  v i d e o  c a m e r a  s y s t e m s  a t  two  
s t a t i o n s  t o  i d e n t i f y  the  loca t ion  of t h e  s t r i k i n g  po in t .  We used s e v e r a l  
video cameras t o  cover wide view angles  a t  each s t a t i o n .  
Fig.1. Observation s i t e  and t ransmiss ion  l i n e s .  
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F i g .  1 shows t h e  l o c a t i o n s  o f  o b s e r v a t i o n  s t a t i o n s  where i s  v e r y  
c l o s e  t o  t h e  e l e c t r i c  power t r a n s m i s s i o n  l i n e s .  T h r e e  t r a n s m i s s i o n  
l i n e s  a r e  d i s t r i b u t e d  a l o n g  low mountain r i d g e .  S m a l l  d o t s  on  t h e  
s o l i d  l i n e s  show t h e  l o c a t i o n s  of  t r a n s m i s s i o n  l i n e  t o w e r s .  The  
t ransmiss ion  l i n e  tower A of 101.7 m height  i s  loca ted  a t  t h e  small peak 
where i s  310 m h i g h  above  s e a  l e v e l ,  and  a l i g h t n i n g  c o n d u c t o r  o f  4 m 
l e n g t h  i s  s e t  on t h e  t o p  of  t h e  tower  A .  So upward streamers o f t e n  
start f irst  from the  t i p  of t h e  l i gh tn ing  conductor. 
by t h e  r e t u r n  s t r o k e  o f  t h e  n a t u r a l  g round f l a s h  t o  a t r a n s m i s s i n  l i n e  
tower. Here, ' n a t u r a l '  means t h a t  a ground f l a s h  starts wi th  a downward 
s t r e a m e r  from t h e  c l o u d  t o  t h e  ground. Two t r a c e s  i n  F i g .  2 show t h e  
same w a v e f o r m s  d u e  t o  t h e  c l o s e  r e t u r n  s t r o k e  as  t h o s e  i n  summer 
l i gh tn ing .  The ho r i zon ta l  d i s t ance  t o  the  tower s t r u c k  i s  2.1 km. 
Fig.  2 shows t h e  e l e c t r i c  f i e l d  and t h e  magnetic f l u x  changes caused 
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Fig.2. The e l e c t r i c  f i e l d  and t h e  magnetic f lux changes 
caused by a n a t u r a l  l i gh tn ing  t o  a t ransmiss ion  l i n e  tower. 
Fig.  3 shows t h e  e l e c t r i c  f i e l d  and t h e  magnetic f l u x  changes caused 
by t r i g g e r e d  l i g h t n i n g  f l a shes .  Open c i r c l e s  on t h e  t ransmiss ion  l i n e s  
i n  F i g .  3 show t h e  t o w e r  t o  w h i c h  l i g h t n i n g  s t r u c k .  T h i s  was 
i d e n t i f i e d  w i t h  v i d e o  p i c t u r e s  a t  two s t a t i o n s .  F i g .  4 shows t h e  
ske tch  of video p i c t u r e  of t h e  same t r igge red  f l a s h  as one i n  Fig.  3. 
n e a r  t h e  t o w e r  A .  S k e t c h e s  of  v i d e o  p i c t u r e s  f o r  t h e  same f l a s h  a r e  
shown i n  F i g .  6 f o r  d i f f e r e n t  d i r e c t i o n s .  L i g h t n i n g  c h a n n e l s  
c o r r e s p o n d i n g  t o  s t r i k i n g  p o i n t s  g i v e n  i n  F i g .  5 a re  shown i n  t h e  t o p  
ske tch  i n  Fig. 6. F ig  7 and Fig. 8 show examples of concurren t  f lashes 
F i g .  5 shows a n o t h e r  c o n c u r r e n t  f l a s h  w i t h  s e v e r a l  s t r i k i n g  p o i n t s  
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Fig.3. The electric field and the magnetic flux changes 
caused by a concurrent flash to transmission line towers. 
Open circles on transmission lines show the towers struck 
by lightning. 
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Fig.4. Sketches of video pictures of concurrent flashes 
to three transmission line towers. 
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Fig.6. Sketches of video p ic tu res  of concurrent  f l a s h e s  
t o  t ransmiss ion  l i n e  towers and o t h e r  s t r u c t u r e s  f o r  
d i f f e r e n t  d i r e c t i o n s .  Direct ion ang le s  show i n  each 
sketch.  
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Fig.7. Same as Fig.3 except for date. 
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Fig.8. Same as Fig.3 except for date. 
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i n  which t h e  magne t i c  f l u x  changes  a r e  d i f f e r e n t  f rom t h o s e  i n  F i g .  3 
and F i g .  5. I n  F i g .  3 and F ig .  5,  t h e  r a p i d  c h a n g e s  o f  t h e  e l e c t r i c  
f i e l d  and t h e  magnetic f l u x  occur s imultaneously,  as we l l  a s  t h e  r e t u r n  
s t r o k e  i n  s.c;m~er l i g h t n i n g .  On t h e  o t h e r  hand ,  i n  F i g .  7 and  F i g .  8, 
t h e  o c c u r r e n c e  t i m e  of  t h e  l a r g e  changes  i n  t h e  m a g n e t i c  f l u x  i s  n o t  
c o r r e s p o n d i n g  t o  t h e  r a p i d  c h a n g e s  i n  t h e  e l e c t r i c  f i e l d s .  The  
h o r i z o n t a l  e x t e n t s  of t h e  s t r i k i n g  po in t s  i n  t h e  f l a s h e s  shown i n  Fig. 3 
t o  F i g .  8 a r e  4.1 km, 1 .5  km, 6.3 km and  3.0 km r e s p e c t i v e l y .  All 
cases, upward streamers s t a r t  from the l i g h t n i n g  conductor a t  t he  t o p  of 
t h e  tower A ,  as shown i n  the  f igu res .  
RESULTS AND DISCUSSION 
Continuing c u r r e n t s  
Seven ground f l a s h e s  which s t a r t s  w i t h  upward d e v e l o p i n g  s t r e a m e r s  
show v e r y  similar e l e c t r i c  f i e l d  changes  t o  t h o s e  shown i n  F i g .  3 t o  
F ig .  8. The s low f i e l d  change p r e c e e d s  t h e  n e g a t i v e  r a p i d  c h a n g e s  
corresponding t o  r e t u r n  s t rokes  or M-components. The slow f i e l d  change 
may d u e  t o  some e l e c t r i c a l  a c t i v i t i e s  w i t h i n  c l o u d s .  S i n c e  t h e  
p r o p a g a t i o n  d i r e c t i o n  of  t h e  e l e c t r i c  c u r r e n t  p u l s e s  was n o t  measured ,  
t h e  e l e c t r i c a l  p r o c e s s e s  of t h e  r a p i d  f i e l d  c h a n g e s  a r e  n o t  d i s c u s s e d  
f u r t h e r .  After rap id  changes, the e l e c t r i c  f i e l d s  vary almost  l i n e a r l y  
t o  t h e  p o s i t i v e  d i r e c t i o n ,  and a r e  f o l l o w e d  by s low changes  w i t h  l a r g e  
a m p l i t u d e s .  As t h e  time c o n s t a n t  o f  t h e  i n p u t  c i r c u i t  i s  1 m s ,  t h e  
r e s p o n s e  of t h e  sys tem t o  t h e  s l o w  f i e l d  changes  i s  r a t h e r  poor .  The 
e l e c t r i c  f i e l d  changes  c o r r e s p o n d i n g  t o  t h e  l i n e a r  c h a n g e s  i s  a c t u a l l y  
i n c r e a s i n g  t o  the  negat ive d i r ec t ion  w i t h  time. Thus t h e  f i e l d  changes 
are  i n t e r p r e t e d  as  caused  by t h e  c o n t i n u i n g  c u r r e n t s .  The e l e c t r i c  
f i e l d  changes  a lways  show r a p i d  changes  which a r e  f o l l o w e d  by s low 
changes caused by t h e  cont inuing c u r r e n t s  f lowing through t h e  l i g h t n i n g  
channel t o  t h e  ground. 
and t h e  ho r i zon ta l  e x t e n t s  of s t r i k i n g  po in t s .  The h o r i z o n t a l  e x t e n t s  
of t he  e l e c t r i c  charge i n  clouds may in f luence  on above two parameters ,  
and t h e y  c o r r e l a t e  p o s i t i v e l y .  Table  1 shows t h e  t e n d e n c y  of  p o s i t i v e  
c o r r e l a t i o n  between two parameters. The e l e c t r i c  f i e l d  changes by t h e  
c o n t i n u i n g  c u r r e n t s ,  a s  w e l l  a s  f i r s t  r e t u r n  s t r o k e ,  may t r i g g e r  
l i g h t n i n g  s t r o k e s  t o  o t h e r  t r a n s m i s s i o n  l i n e  t o w e r s ,  when t h e  s t r e a m e r  
develops i n t o  the  deep clouds. 
Table 1 shows t h e  t ime o f  t h e  d u r a t i o n  of t h e  c o n t i n u i n g  c u r r e n t s  
Magnetic f l u x  change pulses  
As mentioned p r e v i o u s l y ,  any r a p i d  change  of t h e  e l e c t r i c  f i e l d  i s  
n o t  d e t e c t e d  a t  t h e  t i m e  when the  r a p i d  change  o f  t h e  magne t i c  f l u x  i s  
de tec t ed .  Small changes of t h e  magnetic f l u x  are found a t  the  time of 
t h e  n e g a t i v e  f a s t  c h a n g e s  o f  t h e  e l e c t r i c  f i e l d s .  We u s e d  a d i s k  
a n t e n n a  for t h e  e l e c t r i c  f i e l d  change  m e t e r s  and measured o n l y  t h e  
v e r t i c a l  e l e c t r i c  f i e l d  changes .  T h u s ,  h o r i z o n t a l  l i g h t n i n g  c h a n n e l  
may respons ib le  t o  the  r e s u l t s  t ha t  no rap id  e l e c t r i c  f i e l d  changes are  
d e t e c t e d  a t  t h e  t ime  co r re spond ing  t o  t h e  l a r g e  p u l s e s  o f  t h e  m a g n e t i c  
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Table I Durat ion of t h e  c o n t i n u i n g  c u r r e n t  
and t h e  maximum d i s t a n c e  between 
s t r i k i n g  p o i n t s .  
Dura t ion  of C.C. Maximum d i s t a n c e  
(ms) (km) 
7.5 
6.2 
6.0 
2.3 
1 . 3  
6.3 
3.0 
4.1 
1 - 5  
1 .o 
f l u x  c h a n g e s .  I n  w i n t e r  l i g h t n i n g ,  l o n g  h o r i z o n t a l  c h a n n e l s  o f t e n  
o b s e r v e d  below t h e  c l o u d  b a s e .  S m a l l  c u r r e n t  p u l s e s  w h i c h  p r o d u c e  
l a r g e  c h a n g e s  o f  t h e  m a g n e t i c  f l u x  may s u p e r i m p o s e  on t h e  c o n t i n u i n g  
c u r r e n t s  through t h e  h o r i z o n t a l  channels .  
Concluding remarks 
The e l e c t r i c  f i e l d  c h a n g e s  c a u s e d  by a c o n c u r r e n t  l i g h t n i n g  f l a s h  
have c o n t i n u i n g  c u r r e n t  c o m p o n e n t s .  The e l e c t r i c  f i e l d  c h a n g e s  d u e  t o  
t h e  c o n t i n u i n g  c u r r e n t s  i s  p o s s i b l e  t o  t r i g g e r  t h e  a s s o c i a t e d  s t r o k e s .  
Q u a n t i t a t i v e  a n a l y s i s  o f  t h e  d a t a  i s  r e m a i n e d  a s  f u r t h e r  s t u d y .  
S i m u l t a n e o u s  m e a s u r e m e n t s  o f  t h e  o c c u r r e n c e  t ime o f  e a c h  l i g h t n i n g  
s t r o k e  t o  t h e  tower and t h e  e l e c t r i c  f i e l d  change are v e r y  i m p o r t a n t  f o r  
t h e  d i s c u s s i o n  on t h e  mechanism o f  t h e  c o n c u r r e n t  l i g h t n i n g  f l a s h .  We 
d e s i g n e d  o p t i c a l  m e a s u r i n g  s y s t e m  w i t h  1 u s  t i m e  r e s o l u s i o n  a n d  
4 d e g r e e s  s p a t i a l  r e s o l u s i o n  by u s i n g  h o r i z o n t a l  p h o t o d i o d e  a r r ay  t o  
measure  t h e  t ime i n t e r v a l  b e t w e e n  s t r o k e  t o  d i f f e r e n t  t o w e r s .  Data 
o b t a i n e d  by n e w  s y s t e m  w i l l  be  h e l p f u l  f o r  f u r t h e r  q u a n t i t a t i v e  
d i s c u s s i o n  on t h e  mechanism of  t h e  c o n c u r r e n t  l i g h t n i n g  w i t h  m u l t i p l e  
channels .  
The observa t ions  were p a r t l y  suppor ted  by T e c h n i c a l  Research C e n t e r ,  
K a n s a i  E l e c t r i c  Power Co . ,  I n c . .  M. N a g a t a n i  a n d  H. Nakada o f  Nagoya 
U n i v e r s i t y  a r e  v e r y  h e l p f u l  f o r  t h e  i n s t r u m e n t a t i o n s  a n d  t h e  
o b s e r v a t i o n s .  
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